of pH only when the pH was referred to a locus part way along the concentration gradient of HCOSbetween CSF-perfusate and interstitial fluid close to cerebral capillaries taking part in the exchange of HCOS-. The absolute values of pH or [HCOS-] in interstitial fluid could not be determined from our data, which were consistent with several possible concentration profiles between CSF and cerebral capillaries. Two hypothetical profiles were discussed which led to unique relations between ventilation and pH; in hypothesis A, the normal concentration difference of HC03-between blood and CSF was assumed to be maintained. by an ion pump located at the blood-brain barrier and in this case the ventilation was a single function of interstitial fluid pH in the range 7. 32-7.24 at all values of [HCOa-] and Pcoz in CSF perfusate; in hypathesis B, the ion pump was assumed to be located at the ependymal Fig. I. 3) Respiratory measurements. In our previous studies (24) the respiratory inflow was supplied from an aviation demand valve which created undesirably large inspira- The cistern (or lateral ventricle) was punctured through the guide tube with a sharp probe which was left in place throughout the day of experiment; the animals showed no sign of discomfort. The probe was connected to a three-way stopcock via a 4-cm length of flexible polyvinyl tubing. A g-ml glass, capillary-tipped syringe was rinsed thoroughly with boiled saline and small air bubbles adhering to the sides were removed by tapping+ The syringe was placed in the three-way stopcock with its tip pointed upward and the barrel at the level of the auditory meatus. One milliliter of CSF was allowed to enter the syringe under is shown in Fig. 3 . Detailed values for relevant variables are given for one goat in Table  2 , which contains control data and data from repeated periods of acidosis and alkalosis. Similarly detailed data for each of four additional goats are available from a table deposited with the American Documentation Institute. 5 Reference to the bottom panel of Fig. 2 shows that CSF [HCO,] varies linearly with arterial [HCOS-1. There is, however, a considerable degree of regulation of [HCO,] in CSF so that each 3.5 mmolal change in arterial plasma is associated with only a I mmolal change in CSF. The changes in [Cl-] are equal and opposite to those of [HCOS-] as shown in Fig. 4 In the present investigation the [HCOB-] in pl asma has been varied over a wide range with associated chronic concentration differences between CSF and plasma ranging from +5 mmolal in acidosis to -I 8 mmolal in alkalosis (Fig. 2) . In order to establish the relation between [HCOS-] in CSF and that in interstitial fluid, it is essential to determine whether or not net flux of HCOZ-occurs under these altered conditions. If net flux occurs, there will be a concentration gradient in interstitial fluid; if net flux is zero, there will be no concentration gradient in interstitial fluid, as discussed previously (24). Net fluxes of HCO, and Cl-were therefore measured by the technique of ventriculocisternal perfusion in each of two goats which were subjected to chronic acidosis and alkalosis. Net fluxes were calculated as described previously (24 net addition of ions to ventricular fluid from choroid plexus secretion and net loss of ions from the system via absorption in bulk through the arachnoid valves; it refers specifically to transependymal flux through interstitial fluid containing neural elements. Results are summarized in Fig. 5, A and B, and detailed data from one animal are given in Table 4 .
From Fig. 5A it is seen that zero net flux occurred when CSF [HCO,-] was 6 mmolal greater than in plasma during acidosis and I 8 mmolal less than in plasma during alkalosis. Similarly, zero net flux of Cl-occurred when [Cl-] Figure 7 shows a repetition of these classical experiments on an unanesthetized goat. The data were obtained over a period of 3 months during which the animal was twice made acidotic and alkalotic. Detailed data are given in Table 2 ; similar data, obtained from four other goats, are included in the table deposited with ADI mentioned previously.
As shown in Fig. 7 the COZ response curve during acidosis was shifted 30 mm Hg to the left of that obtained during alkalosis, a shift which is considerably greater than reported by previous investigators who employed milder degrees of acidosis or alkalosis in man.
The same alveolar ventilations shown in Fig. 7 are plotted in Fig. 8 Respiratory data for air-breathing periods (I 3 periods of control, 13 during acidosis, and IO during alkalosis) are shown separately in Fig. I I against a background of the over-all response in order to emphasize that the slight changes of CSF pH during chronic acidosis or alkalosis shown in Fig. 2 are quantitatively sufficient to account for the observed respiratory adaptations. Since there is no net flux of HCO, between large cavity fluid and blood, we may assume that the composition of CSF is identical with that of interstitial fluid with respect to [H+] or [HCO,-] if the ion pump is located at the blood-brain barrier (Iyfiothesis A, ref. 24 ). In contrast, if the ion pump were located at the ventricular ependyma (/~yp&esis B of ref. 24) then interstitial [H+] would be close to that of arterial plasma and ventilation would be a separate function of CSF pH at each degree of metabolic acidosis or alkalosis. The single relationship shown in Fig. IO suggests that the ion pump is located at the blood-brain barrier and that the concentrations of HCOS-and H+ in CSF are identical with those in interstitial fluid under chronic conditions. 4) hnparkun of respiratory response to changas in blood [HC&-] with responses to alterations in [HCOZ-] of ventriculucisternaL perfusion j~id. The relationship between alveolar ventilation and CSF pH under conditions of zero net flux for HCOS- (Figs. 8-1 I) implies that the ionic composition of interstitial fluid is similar to that of CSF, the concentration gradient to blood being maintained by an ion pump at the blood-brain barrier. This conclusion is consistent with hypothesis A of our previous paper (24). A direct comparison of this hypothesis with our present (Table  6 ). Under these conditions the pH of the perfusate -varied from 7* I 3 to 7.53, extremes which would be incompatible with life of the animal if they referred to fluid surrounding respiratory neurons. In contrast, the pH of interstitial fluid, calculated from hypothesis A, remained within the range 7.28-7.36 and the ventilation in each case corresponded to that predicted from Fig. 12 . These results emphasize the conclusion that neural elements responsive to [H+] Fig. 13 for comparison with the present data on goats shown in Fig. 2 . CSF [HCO,l in goats is 3-5 mmolal less than in humans at any given plasma [HCOB-1, and regulation of CSF [HCO,] is slightly more efficient in the goat, as evidenced by the smaller slope. The changes of ho9 are also about the same in man and goat, thus indicating that respiratory adaptations to chronic acidosis or alkalosis are similar.
The important difference between our conclusions and those of previous investigators concerns the regulation of CSF pH. Our results show that CSF pH changes continuously as a function of plasma [HCO,]; the change is very small in absolute terms but it is statistically significant and of precisely the right magnitude to explain the observed respiratory adaptations.
In contrast, previous investigators have reported that CSF pH remains unchanged during chronic metabolic disturbances of acid-base balance (cf. Mitchell et al. (I g) for review). We believe that this discrepancy is only an apparent one which derives from the technical difficulty of obtaining meaningful direct pH values in samples of CSF, as discussed above in the METHODS section. Direct measurements of CSF pH were reported by each of the nine groups of investigators listed on Fig. I 3 , and it is true that a mass plot of their data (not shown in Fig. 13 (8, I 5, 16, 23, 26, 28, and 34) and it is assumed that the jugular Pcog is equal to that in cisternal fluid as shown by Bradley and Semple (4 
